acid were measured in Arabica (C. arabica) and Robusta (C. canephora) green coffees in order to determine discrimination parameters. In general, Robusta green coffee showed higher values for pH, soluble solids, caffeine, total caffeoylquinic acids, total dicaffeoylquinic acid, and total feruloylquinic acid, but the content of soluble solids was not significantly different in both species of green coffee. Through application of a multivariate analysis, it was concluded that these chemicals form three
INTRODUCTION
The cell wall of the coffee bean epidermis is surrounded by crystallized waxes, whereas chlorogenic acid, terpenes, and derivatives of 5 hydroxytryptamine (serotonin) prevail in the cuticular layer. The chlorogenic acids further accumulate in the cytoplasm of epidermal and parenchyma cells, but larger quantities can be found in the periplasm. In the cytoplasm of parenchyma cells, caffeine is also associated with chlorogenic acid (forming 896 BICHO ET AL. a potassium chlorogenate complex) and metallic salts further occur in the form of calcium ions of phosphate and potassium. [1, 2] In Arabica (Coffea arabica L.) and Robusta (Coffea canephora Pierre ex A.Froehn) green coffees, pH usually is ca. 5.2-6.1, [3] while soluble solids correspond to 24-27 and 26-31 g/100 g coffee, respectively. [4] The caffeine levels of green coffee beans might vary between 0.8-2.5 g/100 g coffee. Nevertheless, although some coffee species may present low levels of caffeine, in Arabica and C. Canephora (for both cvs. Robusta and Conilon), they are usually between 0.8-1.5 and 1.6-2.2 g/100 g coffee, respectively. Trigonelline contents correspond to about 0.6 g/100 g coffee, but almost 50% of this compound is degraded during roasting, [5] with the formation of other compounds, namely nicotinic acid, pyridine, 3-methyl-pyridine, and methyl ester of nicotinic acid. Caffeoylquinic acids (CQAs), dicaffeoylquinic acids (diCQA), and feruloylquinic acids (FQA) account for about 98% of total chlorogenic acids (CGA) in green coffee. [6] The hydroxycinnamic acids are also particularly common in coffee beans, especially as chlorogenic acid (4-8 g/100 g coffee) in the double form of caffeine and potassium chlorogenate, [7, 8] but they are significantly destroyed during roasting, with the release of the correspondent alkaloid. [9, 10] It has long been known that chemical composition of green coffee beans depends on the genotypes and geographic area of origin, as well as of cultural practices, maturation, and post-harvest conditions, particularly storage. [11] Considering these parameters, this work aims to identify chemical discriminators that might be applied to differentiate the majority of commercial Arabica and Robusta green coffee beans. Accordingly, the chemical composition of Arabica and Robusta green coffees from Brazil and India was carried out, being a multivariate analysis applied to identify chemical clusters that might be useful as discriminators of these green coffee types.
MATERIALS AND METHODS
Sampling of Coffea arabica L. (from Brazil) and Coffea canephora Pierre ex A.Froehn (from India) was carried out according to the Instrução Normativa No. 8, [12] NP 1666, [13] and ISO 4072, [14] as recommended by the ICO for sampling green coffee in bags. The sampling process began with a randomized (a minimum of 10% of the lot) collection of green coffee bags. [15] The selected bags were separated from the lot and each one was collected in triplicate (with a probe of 30 ± 6 g of green coffee beans) from three different points in the bag (top, middle, and bottom). After extraction and homogenization, the portions were joined, for an overall take of green coffee, with a minimum mass of 1.5 kg.
Soluble solids and pH were measured according to the AOAC, [16, 17] at 25 • C, after calibration of the electrode with pH 4.0 and 7.0 buffer solutions. Ground green coffee (10 g ± 0.1 mg) mixed with water (200 mL) was boiled for 5 min, cooled at room temperature, and the weight adjusted by adding water. After filtration with a Whatman No. 1 filter, the pH of the filtrate was measured at room temperature. For quantification of soluble solids, 25 mL of the filtrate were dried in a water bath until dryness, after which the residue was placed in an oven at 105 • C, cooled in a desiccator, and weighed. Data is the average of triplicate for each sample of green coffee.
Caffeine and trigonelline contents were measured according to ISO 10095. [18] Samples of ground green coffee (1 g ± 0.1 mg) were homogenized with magnesium oxide (4.5 ± 0.5 g) and water (100 mL) and placed in a water bath at 90 • C with continuous stirring for 20 min. After cooling, the weight was restored to the original level and the mixture filtered through a Whatman No. 1 filter, without washing the residue. An aliquot of 2 mL of the filtered mixture was diluted with distilled water to a volume of 10 mL and filtered through a 0.45 µm filter. Thereafter, caffeine quantification was carried out in an integrated HPLC system (Waters, Milford, MA, USA; equipped with an UV-VIS detector, model 440, column Lichrosorb 100 RP-18, Merck, Darmstadt, Germany; 5 µm particle size, 4 × 250 mm), being used with 32 Karat Software (V. 7.0, Beckman Coulter, Inc., Brea, CA, USA). The elution of a 20 µL injection was performed at 25 • C, with a 1 mL min −1 flow rate, using phosphate buffer (20 mM; pH 4.3) and acetonitrile (9:1), with detection at 254 nm. Identification and quantification was performed using standard curves, with concentrations between ca. 8-1000 µg mL −1 for caffeine, and between ca. 8-500 µg mL −1 for trigonelline. Data were within the detection limits of the method. All extractions and chromatographic analysis were performed in triplicate.
Chlorogenic acids extraction and analysis followed Correia [9] and Fortunato et al. [19] After mixing 2 g ± 0.1 mg of ground green coffee to 10 mL of methanol:water (40:60), and mechanical agitation for 30 min, the mixture was centrifuged (9400 g, 5 min, 25 • C) and the supernatant decanted. Thereafter, 1 mL of Carrez solutions I (aqueous solution of Zn acetate dihydrate and glacial acetic acid, 10.95 g and 1.5 mL, respectively, to a final volume of 50 mL) and II (aqueous solution of 5.3 g of potassium hexacyanoferrate II trihydrate in a final volume of 50 mL) were added for clarification of the sample, after which a methanol:water (40:60) solution was added to a final volume of 100 mL. After resting for 15 min, the mixture was filtered through a Whatman No. 1 filter and an aliquot of 10 mL was removed from the filtrate and filtered through 0.45 µm. For quantification, an HPLC system (Beckman Coulter System Gold, Beckman Coulter, Inc.) equipped with a diode array detector (model 168), a reverse phase column (Spherisorb S5 ODS-2, Waters; 4.6 × 250 mm) and 32 Karat Software (V. 7.0, Beckman Coulter, Inc.) was used. The elution of a 20 µL injection was performed at ca. 25 • C, over 45 min, with a 1 mL min −1 flow rate, using an optimized linear gradient 20-70% of B (solvent A tripotassium citrate buffer solution 10 mM, pH 2.5, and solvent B methanol 100%). Detection was performed at 325 and 330 nm.
For isomerisation of chlorogenic acid (caffeoylquinic acids), 200 mg of 5-caffeoylquinic acid was diluted in 20 mL of distilled water and the pH adjusted to 8 with ammonium hydroxide (4 M). Then, the solution was boiled for 30 min in a water bath, cooled, and the pH adjusted to 2.5 with HCl (4 M). After that filtration samples were used for quantification. The identification of chromatographic peaks and quantification of results was carried out using standard solutions of 5-CQA. To identify the isomers 3-CQA and 4-CQA, the standard 5-CQA isomer was subjected to isomerization, as described. The peaks appeared with the following sequence: 3-CQA, 3-FQA, 4-CQA, 5-CQA, 4-FQA, 5-FQA, 3,4-diCQA, 3,5-diCQA, and 4,5-diCQA. The calibration curve was obtained from 5-CQA with readings at 325 and 330 nm. The quantification was done assuming the peak areas as a reference and comparing them with the standard 5 CQA. To quantify each compound, the following equation was used: [9, 20] 
where c is the concentration of the isomer to quantify, in mg L −1 ; Fr is the response factor of the standard 5-CQA in mg L −1 per unit area; ε 1 is the molar absorption coefficient of the standard 5-CQA in L mol −1 cm −1 ; ε 2 is the molar absorption coefficient of the isomer to quantify, in L mol −1 cm −1 ; Mr 2 is the molecular weight on the isomer under study-CQA = 354.31 g mol −1 , FQA = 368.28 g mol −1 , diCQA = 516.44 g mol −1 ; Mr 1 is the molar mass of acid 5-CQA; A is the peak area of the isomer to be quantified. The molar absorption coefficients (3-CQA = 18,400, 4-CQA = 18,000, 5-CQA = 19,500, 3,4-diCQA = 31,800, 3,5-diCQA = 31,600, 4,5-diCQA = 33,200, with λ = 330 nm; 3-FQA = 19,000, 4-FQA = 19,500, 5-FQA = 19,300, with λ = 325 nm) indicated by Correia [9] and Farah et al., [20] in L mol −1 cm −1 , were used. Data were within the detection limits of the method. All extractions and chromatographic analysis were performed in triplicate. Data were statistically analyzed using a one-way ANOVA (P ≤ 0.05). Based on the ANOVA results, a Tukey's test was performed for mean comparison, for a 95% confidence level. Different letters indicate significant differences for 95% confidence level. Multivariate analysis was carried out with STATISTICA 6.0 software (Copyright StatSoft, Inc., Tulsa, OK, USA), following several authors. [21] [22] [23] [24] [25] 
RESULTS AND DISCUSSION
Coffee acidity depends on the geographic origin of green coffee beans, fruits maturity, harvest process, weather conditions during harvesting and drying, and post-harvest processing. [26, 27] Additionally, coffee acidity might also be determined by growth conditions, such as altitude [26, 28] and shading, [28] but Robusta coffees are considered to have low acidity, unlike the Arabica coffees. Although the average values were not dramatically apart, the pH of Arabica green coffee was significantly lower than the Robusta green coffee, with values ranging between 5.26-6.11 and 5.27-6.13, being in the range pointed out by Leroy et al. [3] for these coffee types.
Mendonça et al. [4] supported that soluble solids for Arabica and Robusta green coffees might vary between 23.85-27.31 and 26.07-30.6 g/100 g coffee, respectively, whereas Esteves and Oliveira [29] pointed that in Robusta green coffees those values might vary between 32.46-34.91 g/100 g coffee. The obtained content of soluble solids (Table 1) was similar to those obtained by Mendonça et al. [4] for Arabica coffees, and Esteves and Oliveira [29] for Robusta coffees. The soluble solids assayed in Arabica and Robusta green coffees were not significantly different, but were slightly higher in Robusta green coffee (Table 1) .
Moreover, caffeine contents varied significantly being higher in the Robusta green coffee (Table 1) , showing much higher values (10-to 20-fold higher) than reported in leaves, which did not present differences among the Coffea spp. genotypes, [19] contrary to what is reported here for the bean. In fact, our results followed previous studies in which Robusta coffees usually have a higher caffeine content than Arabica ones, although in green coffee the levels of caffeine might vary widely, mostly due to inter-specific differences. [7, [30] [31] [32] [33] Indeed, according to Viani, [7] the levels of caffeine might vary between 0.9-1.4 g/100 g in Arabica coffees, and between 1.5-2.6 g/100 g in Robusta ones, whereas Macrae [30] presented a review of results obtained by various authors, pointing out average values from 1.16-1.35 and 1.72-2.76 g/100 g coffee for Arabica and Robusta types, respectively. Additionally, Silvarolla et al. [31] in 99 progenies from Ethiopia found caffeine values varying between 0.42 and 2.9 g/100 g coffee, while in another study of 16 progenies of C. arabica, tolerant and susceptible to Hemileia vastatrix, the levels ranged from 0.95 to 1.24 g/100 g coffee. [34] Salva and Lima [32] further reported that the caffeine content of Arabica coffees varies between 1.1 and 1.8 g/100 g coffee.
The content of trigonelline in green coffees might vary with the kind of coffee and geographical origin, being suggested that this compound could be used to discriminate the geographical origin of coffee. [35] However, Aguiar et al., [36] after examining different varieties of C. canephora, concluded that the differences in content of trigonelline are too small to constitute a useful tool to discriminate this kind of coffee. In this study, it was found that the content of the alkaloid trigonelline was significantly higher in Arabica green coffee (Table 1) , therefore showing a pattern similar to previous reports. [30, 36, 37] Indeed, according to Macrae, [30] trigonelline levels in Arabica and Robusta green coffee are around 1 and 0.7 g/100 g coffee, respectively, while Aguiar et al. [36] pointed values between 0.97 to 1.01 g/100 g coffee for green coffee Robusta. Ky et al., [37] using seeds of C. arabica and C. canephora from various geographical origins, reported trigonelline levels between 0.88-1.77 and 0.75-1.24 g/100 g coffee, respectively, showing a large variation that turns this compound not suitable to discrimination. CQA, diCQA, and FQA represent about 98% of total chlorogenic acids in coffee. [6] Concerning CQAs, it was found (Table 1) that 5-CQA was the most representative compound both in Arabica and Robusta green coffees, representing ca. 77% of total CQA content, similarly to what was reported in the leaves of several Coffea spp. genotypes where it accounts for ca. 85%. [19] Also, the levels of all caffeoylquinic acid isomers (3-CQA, 4-CQA, and 5-CQA), as well as CQA total , were significantly higher in the Robusta green coffee, within the range pointed out previously. [7, 9, 37, 38] The content of each isomer of diCQA was clearly and significantly higher in the Robusta green coffee (Table 1) . Quite similar amounts of 3,4-diCQA (0.572 g/100 g coffee), 3,5-diCQA (0.592 g/100 g coffee), and 4,5-diCQA (0.515 g/100 g coffee) were found in Robusta green coffee, while the isomer 3,5-diCQA (0.395 g/100 g coffee) predominated in green Arabica coffee (Table 1 ). These patterns further followed the values indicated by several authors. [37, 38, 39] In agreement with previous results, [7, 9, 37, 38] the 5-FQA isomer predominates (ca. 90% of total FQA), being the contents of the others (3-FQA and 4-FQA) much less relevant. Following previous works, [7, 9, 37, 38] it was also found that Robusta green coffee had significantly higher levels of 3-FQA and 5-FQA, as well as a significantly higher total amount of FQA ( Table 1) .
The total content of each group of chlorogenic acid (CQA total , diCQA total , and FQA total ), as well as CGA total , tended to be higher in Robusta green coffees (Table 1) , prevailing 5-CQA in green coffee. In fact, 5-CQA represented more than half (65 and 55%) of total CGAs in Arabica and Robusta coffees ( Table 1) . That led to the higher weight of CQAs, representing 84 and 72% of total CGAs in Arabica and Robusta green coffees, respectively ( Table 1) . diCQA acids were the second most abundant group in the diCQA total , corresponding to ca. 12 and 20% of total CGAs, while the FQAs represented ca. 4 and 8% of the CGA total value, assayed in samples of Arabica and Robusta green coffees, respectively. The content of total CGA in Robusta green coffee was ca. 25% higher than in the Arabica green coffee ( Table 1) .
A cluster analysis might generate homogeneous groupings and segmentation based on variables. Considering the pH, soluble solids, caffeine, trigonelline, CQA total , di-CQA total , and FQA total , a cluster analysis, using a linkage distance around 0.6 ( Fig. 1 ) allowed a discrimination of Arabica and Robusta samples. Forming of clusters by the chosen data set can result in a new variable that identifies cluster members among the cases. In this context, Robusta green coffee showed a tendency to, in general, present higher values for all parameters except trigonelline, but the content of soluble solids was not significantly different in both species of green coffee ( Table 1 ). These data suggest that the parameters can be subdivided into three groups, according to their importance for samples discrimination achieved with the cluster analysis ( Figs. 1 and 2) . Although the content of soluble solids were not relevant, the pH and CQA total , particularly the fraction 5-CQA, constitute a second group in terms of its importance in the discrimination of samples (Fig. 2) , whereas caffeine, trigonelline, 3-CQA, 4-CQA, 3-FQA, 5-FQA, 3,4-diCQA, 3,5-diCQA, and 4,5-diCQA formed a third group of substances, highly discriminating for Arabica and Robusta green coffees, because they have higher and significantly different values. Accordingly, and considering that the chemical characterization of Arabica and Robusta green coffee provided in this study, in general, parallels with the worldwide parameters for these coffee species, it might be concluded that this third cluster might be used as a universal discriminator. Moreover, considering the roast coffee chemical characteristics, this model cannot be applied to roast coffee. [40, 41] 
CONCLUSION
The cluster analysis used for classification of chemical data of Arabica and Robusta green coffee allowed a partitionation into groups based on a distance/dissimilarity function. In this context, caffeine, trigonelline, 3-O-caffeoylquinic acid, 4-O-caffeoylquinic acid, 3-O-feruloylquinic acid, 5-O-feruloylquinic acid, 3,4-O-dicaffeoylquinic acid, 3,5-Odicaffeoylquinic acid, and 4,5-O-dicaffeoylquinic acid can be considered a chemical cluster discriminator for Arábica and Robusta green coffees. Moreover, pH, soluble solids, 5-Ocaffeoylquinic acid, total chlorogenic acids, total caffeoylquinic acids, total feruloylquinic acids, and total dicaffeoylquinic acids should not be used as discriminators, because their contents are not significantly different between Arabica and Robusta green coffees. 
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